Snakebites are a serious health problem in tropical countries. In Brazil, the genus Bothrops (Viperidae family) causes most of the ophidic accidents, characterized by proteolysis and haemorrhage. Snake venoms are rich sources of toxins with great therapeutic and biotechnological potential and omics approaches is a valuable tool for identification of new bioactive components in the venom. In this study, we described the first transcriptome of the venom gland of Bothrops moojeni snake, using the nextgeneration sequencing with the Illumina platform. We identified: (i) 20 venom components classes, among which metalloproteases were the most expressed ones, followed by serine proteases and phospholipases; and (ii) the 33 full-length amino acid sequences of toxins that have never been reported before in B. moojeni venom, such as one cysteine-rich secretory protein (Moojin), two hyaluronidases (BmooHyal-1 and BmooHyal-2), and one three-finger toxin (Bmoo-3FTx). Altogether, the transcripts identified herein represent a starting point for the analysis of structure-function relationships of toxins, which shall help develop novel biological tools and therapeutic drugs.
Introduction
Over the years, scientists have extensively studied snake venoms to characterize their composition and seek new applications for them. Snake venoms are complex mixtures of toxins secreted by a pair of specialized glands for predation and/or defence; they are composed of peptides, proteins, and small molecules that exhibit neurotoxic, cytotoxic, cardiotoxic, myotoxic, and a variety of enzymatic activities, which account for the clinical symptoms of snakebite envenomation (Chan et al., 2016; Junqueira-de-Azevedo et al., 2016; Sunagar et al., 2016) .
The World Health Organization classified snakebite envenomation as a "neglected tropical disease" because it has represented a serious public health problem in tropical and subtropical regions of Africa, Asia, Latin America, and Oceania (Chippaux, 2017) . In Brazil, snakes belonging to the genus Bothrops (Viperidae family, Crotalinae subfamily) cause 85% of the ophidic accidents reported (Sartim et al., 2016) ; bothropic accidents are characterized by intense local inflammation associated with pain, myonecrosis, oedema, and haemorrhage (Mamede et al., 2016) . The genus Bothrops comprises Abbreviations: NGS, Next Generation Sequencing; RIN, RNA Integrity Number; SRA, Sequence Read Archive; TSA, Transcriptome Shotgun Assembly; NCBI, National Center for Biotechnology Information; FPKM, Fragments Per Kilobase of transcript per million; TPM, Transcripts Per Million; NaCl, sodium chloride; NaOH, sodium hydroxide; TRU, Turbidity Reducing Units; mg, miligrams; mg, micrograms; bp, base pair; Gbp, Giga base pairs; QC, Quality Control; SVMP, Snake Venom Metalloproteases; SVSP, Serine Protease; PL, Phospholipase; PDE, Phosphodiesterase; GF, Growth Factor; CLECTIN, C-type lectin; LAAO, L-amino acid oxidase; AMINOPEP, Aminopeptidase; CRISP, CysteineRich Secretory protein; kDa, kilodaltons; Phe, Phenylalanine; HYAL, Hyaluronidase; PI, Protease Inhibitor; CTPS, Cathepsin; WP, Waprin; CT, Cystatin; Three Finger Toxin. at least 50 species, including recently identified species, and presents an extreme morphological and ecological diversification, which results in ontogenetic and intraspecific variations in the venom composition (Carrasco et al., 2016) . These variations could be caused by selective pressures and gene duplications (Aird et al., 2015; Wong et al., 2009) , moreover "omics" tools have been employed to better understand how these evolutive influences may impact the composition of the snake venom (Sunagar et al., 2016) .
The omics techniques, such as proteomics and transcriptomics, have several applications and aim to understand a complex system completely (Horgan and Kenny, 2011) . Such techniques have broadly contributed to the field of toxinology, in particular to study snake venoms, an emerging system, leading to create a new term "venomics" to describe these studies (Calvete, 2017; Calvete et al., 2009b; Utkin, 2015) . The omics technology has aided scientists in: elucidating venom composition; deciphering evolutionary history; identifying novel toxins that are potential candidates for the development of biological tools and/or therapeutic drugs; analysing the correlation between venom composition and clinical symptoms of envenomation (Brahma et al., 2015; Cao et al., 2013; de Oliveira Júnior et al., 2016; Yin et al., 2016) .
Additionally, transcriptomics have opened new research possibilities in the field of toxinology. This approach has enabled (i) identification of different domains of the transcripts, such as the signal peptide, pro-peptide, and pre-propeptide domains that are not usually identified at the proteomic level; and (ii) elucidation of amino acid sequence of toxins that are low-expressed and/or require laborious purification, which are hard to obtain in a sufficient amount for detailed structural characterization (BoldriniFrança et al., 2017; Brahma et al., 2015) .
In the last decade, the omics field has markedly expanded after the development of Next Generation Sequencing (NGS) platforms with several applications. Compared with traditional Sanger sequencing platforms, NGS platforms have provided larger amount of data with reduced costs, and shorter reads with higher coverage (Escalona et al., 2016; Goodwin et al., 2016; Metzker, 2010) . The Illumina sequencing is one of the most popular NGS platforms currently used; it provides reads with~300-bp length and error rates 1% (Escalona et al., 2016; Van den Hoecke et al., 2016) .
In this sense, the present study reports for the first time the full transcriptome of the venom gland of B. moojeni snake e it is one of the most abundant species of the genus Bothrops, which is usually found in riparian areas of Central and South-east of Brazil (Nogueira et al., 2003) . We applied the NGS platform to characterize the profile of transcripts (especially venom components) expressed in the snake venom gland.
Methods

Biological samples and RNA extraction
An adult female specimen of B. moojeni was maintained in the serpentarium of Ribeirão Preto Medical School (FMRP-USP, University of São Paulo, Ribeirão Preto, SP, Brazil), in compliance with the guidelines of the Brazilian Institute of Environment (Ibama). All the experiments were performed in accordance with guidelines and regulations of Ethics Committee on Laboratory Animal Care and Use at the University of São Paulo (USP), Campus of Ribeirão Preto (Ribeirão Preto, SP, Brazil). The methods herein were approved and registered under the protocol n. 16.1.67.60.9.
The snake was submitted to venom extraction three days before dissection of the venom gland, when the transcription stimulation is highest (Paine et al., 1992) . The snake was euthanized with intramuscular injection of sodium pentobarbital (150 mg/kg) and ketamine (10 mg/kg). Immediately after cessation of vital signs e i.e. asystole and absence of respiratory movement, pulse, involuntary movements, and reflexes e, the venom glands were dissected, immersed in Trizol ® Reagent (Thermo Fisher Scientific, Massachusetts, USA), and stored at À80 C until use. Total RNA was extracted using the Trizol ® method, according to the manufacturer's recommendations. The yield, purity, and integrity of the material were determined using the 2100 Bioanalyzer (Agilent Technologies, CA, USA); only the sample with RNA Integrity Number (RIN) > 8 was selected.
Illumina sequencing
Double-stranded cDNA libraries were prepared using the TruSeq Stranded Total RNA LT Sample Preparation Kit (Illumina, San Diego, CA, USA). The library quantity and quality were assessed using the 2100 Bioanalyzer (Agilent) and the High-Sensitivity DNA Kit (Agilent). An accurate quantification of the libraries was accomplished with the 7500 Real-Time PCR System (Applied Biosystems, Foster City, CA, USA) and the KAPA Library Quantification Kit (Kapa Biosystems, Wilmington, MA, USA). The cDNA library was sequenced using the MiSeq Reagent Kit v.3 for 600 cycles (2 Â 300bp pairedends) (Illumina, CA, USA), according to the manufacturer's protocol, and the sequencing system from the facility at the Hemotherapy Center of Ribeirão Preto. After sequencing, the sample was converted to the fastq format using the MiSeq Reports software and submitted to bioinformatics analyses. Raw data from the sequencing runs were deposited in the Sequence Read Archive (SRA) repository of the National Center for Biotechnology Information (NCBI) under accession number SRR5277598, related to the BioProject number PRJNA376246 and BioSample number SAMN06368406. The assembly data has been deposited in the Transcriptome Shotgun Assembly (TSA) project at DDBJ/EMBL/ GenBank under the accession GFWW00000000. The version described in this paper is the first version, GFWW01000000.
De novo assembly and transcriptome analysis
First, the raw reads from the cDNA library were filtered by size to remove adapter-only sequences (sequences 40 bases) and by quality to exclude the low-quality reads (Phred quality score <20) by the AlienTrimmer software (Criscuolo and Brisse, 2013) . To perform the de novo assembly, the resulting high-quality reads were assembled into contigs using the Trinity software version 2.2.0 (Grabherr et al., 2011) . The read counts and gene-length determination were obtained by FeatureCounts (Liao et al., 2014) . StringTie software was used to measure the fragments per kilobase of transcript per million (FPKM) and expression was presented in transcripts per million (TPM) (Pertea et al., 2015) . The contigs were analysed against the BLAST/NCBI database using the Diamond software, the hits were enriched using the Gene Ontology database, and the contigs annotation was performed by FastAnnot (www. fastannot.com) with the NCBI-nr database.
In silico analysis
The translate sequences were simulated with the aid of the ExPASy software (http://web.expasy.org/translate/). The sequences were aligned using the MultAlin software (Corpet, 1988) and the images were created using the ESPript software (Gouet et al., 1999) . The percentage of identity between the sequences was determined with the aid of the Clustal Omega algorithm (http://www.ebi.ac.uk/ Tools/msa/clustalo/). The biochemical parameters and molecular weight were predicted using the ProtParam software (http://web. expasy.org/protparam/). Signal peptides for secreted proteins and N-glycosylation sites were predicted with the aid of the SignalP 4.0 software (http://www.cbs.dtu.dk/services/SignalP/) and NetNGlyc 1.0 Server (www.cbs.dtu.dk/services/NetNGlyc), respectively.
The dendogram was constructed using the Neighbor-joining method (Saitou and Nei, 1987) , with complete deletion option and 2000 replications for bootstrap test, with the aid of the MEGA v.7.0 software . Evolutionary distances of all the dendograms were computed using the Jones-Taylor-Thornton (JTT) matrix-based method (Jones et al., 1992) . The protein modelling was predicted using the Phyre2 software (www.sbg.bio.ic.ac.uk/ phyre2/), with 99% of residues modelled at confidence >90% (Kelley et al., 2015) .
Hyaluronidase activity
Hyaluronidase activity was performed by a turbidimetric assay adapted to microplate (Pukrittayakamee et al., 1988) under the best enzyme conditions determined for snake's hyaluronidase (Bordon et al., 2012) . B. moojeni venom was added to 100 mL of a solution containing 200 mmol/L sodium acetate buffer, 150 mmol/L NaCl, pH 5.5, with 10 mg of hyaluronan (0.5 mg/mL in water) for 1 h at 37 C. The unhydrolyzed hyaluronan was precipitated with 200 mL of 2.5% cetyltrimethylammonium bromide (w/V) dissolved in 2% NaOH (w/ V). The turbidity was monitored at 400 nm in a microplate reader (Sunrise™, Tecan). The calibration curve was constructed by ranging hyaluronan quantity (0e10 mg). The assay was performed in triplicate. Turbidity reducing units (TRU) are expressed as the amount of enzyme required to hydrolyse 50% (5 mg) of hyaluronan and specific activity is turbidity-reducing units per miligrams of enzyme (TRU/mg). Table 1 summarizes the sequencing data described below. The NGS of the cDNA library of B. moojeni venom gland, using the Illumina MiSeq platform, produced 50,570,234 paired-end reads of 218-bp average length. After adapter trimming and quality filtering, we obtained 41,235,144 high-quality reads; all the bases were assigned Phred (Q) scores >26, which indicates good sequencing quality. The transcriptome size was 6 Gbpp, and the quality control report (QC) showed that 99.12% of the reads were identified.
Results and discussion
Overview about the sequencing
De novo assembly of the clean and high-quality reads was performed using the Trinity software, and resulted in 131,124 assembled contigs. Contigs with low expression (<1 FPKM) and short length (<200 bp) were discarded, resulting in 59,358 contigs with 260-bp minimum length and 894-bp average length. Among these contigs, 25,910 were identified against BLAST by NCBI-nr (nonredundant) database after FastAnnot analysis (supplementary material).
To date, several research groups have reported transcriptomic analyses of the venom gland of different snake species (see Brahma et al., 2015 for review), including the following species belonging to the genus Bothrops: B. colombiensis (Suntravat et al., 2016) , B. asper (Durban et al., 2011) , and the Brazilian species B. jararaca (Cidade et al., 2006; Zelanis et al., 2012) , B. jararacussu (Kashima et al., 2004) , B. atrox (Neiva et al., 2009) , B. insularis (Valente et al., 2009) , B. pauloensis (Rodrigues et al., 2012) , and B. alternatus (Cardoso et al., 2010; de Paula et al., 2014) . The present study is the first report on the full transcriptome of the B. moojeni venom gland.
Gene ontology analysis
We obtained 24,389 contigs that were named as non-venomprotein BLAST hits, classified as "non-venom component", and further analysed using the Gene Ontology database. These sequences were classified according to the presumed biological process to which they may participate, to their putative molecular function, and to which cellular component they were associated with (Thomas et al., 2007) . According to these criteria, the transcripts were mainly: (i) associated with binding, catalytic, and transporter activities; (ii) involved in metabolic, cellular, and single-organism processes; and (iii) active in cell, organelle, and cellular membranes (Fig. 1) .
Our findings corroborate the results of the Gene Ontology analyses of venom gland transcriptomes from different snake species (Cidade et al., 2006; de Paula et al., 2014; Durban et al., 2011; Junqueira-de-Azevedo and Ho, 2002; Neiva et al., 2009; Suntravat et al., 2016; Wagstaff and Harrison, 2006 ) and other venomous animals (Baumann et al., 2014; de Oliveira Júnior et al., 2016; Luna-Ramírez et al., 2015; Patnaik et al., 2016) . In our study, the transcripts related to the "metabolism category" e which comprises all the venom gland metabolic pathways, i.e. the amino acid, carbohydrate, and lipid metabolism e, were the most abundant ones. These metabolic pathways are essential for the protein turnover, which may directly participate in the venom protein production in the gland (Baumann et al., 2014; de Oliveira Júnior et al., 2016; Luna-Ramírez et al., 2015; Patnaik et al., 2016) .
Venom components arsenal
Analysis of the transcriptome of B. moojeni venom gland revealed the presence of 20 venom components classes, totalling 1574 contigs after assembly and FastAnnot analysis ( Table 2 ). The venom components represents 2.65% of whole contigs from the transcriptome and 6.07% from the contigs that were identified against BLAST by NCBI-nr database (Fig. 2) . The venom components classes found in this study and their respective number of contigs are described in Table 2 . The B. moojeni venom gland expressed metalloproteases the most strongly, followed by serine proteases, and phospholipases; these findings agree with some previous proteomic studies of the genus Bothrops (Alape-Gir on et al., 2009; Augusto- Luna et al., 2013; Rodrigues et al., 2012) .
In this study we identified 33 full-length toxins, which are detailed in the Table 3 . These cDNA sequences were deposited in GenBank (NCBI). Rokyta et al. (2012) described 123 full-length (Tan et al., 2015) . Therefore, it is possible to note that the identification of full-length toxins in this technique can vary among the snake species. Some snakes can present a less complex venom compared to other species and the posttranscriptional processes, such as alternative splicing or posttranslational modifications, could significantly increase the diversity of toxins present in the venom (Rokyta et al., 2012 (Rokyta et al., , 2013 ). We compared the expression level of these full-length venom components considering their TPM values (Fig. 3) . It is possible to note that the most expressed venom component was the metalloproteases, which corroborates with the Table 2 . The snake venom metalloproteases (SVMPs) constitute a group of zinc-dependent proteases that can be classified as PI, PII, PIII, and PIV (Fox and Serrano, 2008) . The class PI comprises SVMPs bearing only the metalloprotease domain; the class PII SVMPs bear an additional disintegrin domain; the class PIII comprises high-molecular weight SVMPs bearing the metalloprotease, the disintegrin-like, and cysteine-rich domains, and can be divided into subclasses PIIIa to PIIId e SVMPs belonging to the subclass PIIId bear an additional lectin-like domain (Fox and Serrano, 2008; Sartim et al., 2016) . Among all the SVMPs identified in the present transcriptome, PIII was the most expressed class, followed by PII and PI classes (Table 2) .
SVMPs account for several local and systemic effects of envenoming, including increased vascular permeability, oedema, haemorrhage, and activation of specific inflammatory cells and mediators associated with hyperalgesia (Mamede et al., 2016; Portes-Junior et al., 2014; Teixeira et al., 2005) . Most viperid venoms contain at least 32% of SVMPs (Fox and Serrano, 2008) ; in our study, the transcriptome analysis indicated the expression of 46.63% of SVMPs in B. moojeni venom gland (Table 2) . We also identified other toxin groups, such as serine proteases, phospholipases, phosphodiesterases, growth factors, C-type lectins, L-amino acid oxidases, nucleotidases, aminopeptidases, bradykininpotentiating peptides/natriuretic peptides, cysteine-rich secretory proteins, hyaluronidases, protease inhibitors, cathepsins, venom factors, waprins, cystatins, cathelicidins, b-defensins and 3-finger toxin. Even though these toxin groups have already been identified in different venomous animals using other omics approaches, some of them have never been isolated; thereby, their functional and structural characteristics remain unknown. In this sense, transcriptomics helps overcome these limitations in the field of toxinology.
Comparing these results with previous transcriptomes studies of other Brazilian Bothrops sp (Cidade et al., 2006; de Paula et al., 2014; Gonçalves-Machado et al., 2016; Kashima et al., 2004; Neiva et al., 2009; Rodrigues et al., 2012; Valente et al., 2009) , metalloprotease was the most abundant venom component class in all the species, except in B. jararacussu, which preferentially expresses phospholipases. Divergences in the venom composition among species belonging to the same genus may be caused by several factors such as age, diet, habitat, and gender (Augusto- deOliveira et al., 2016; Saad et al., 2012; Zelanis et al., 2010 Zelanis et al., , 2016 .
Analysis of the transcriptome of B. moojeni venom gland identified nine contigs relative to CRISPs; one of them represented a full-length sequence that we named Moojin (GenBank accession number MG132022). This toxin presented high identity (83e86%) with Piscivorin from Agkistrodon piscivorus piscivorus (Yamazaki et al., 2003) , Catrin-2 from Crotalus atrox (Calvete et al., 2009a) , Triflin from Protobothrops flavoviridis (Yamazaki et al., 2002) , Ablomin from Gloydius blomhoffii (Yamazaki et al., 2002) , and CRVP from Crotalus adamanteus (Rokyta et al., 2011 (Rokyta et al., , 2012 (Fig. 4A) . As reported for these toxins, Moojin had an estimated molecular weight of 24.8 kDa, one possible N-glycosylation site, and 16 extremely high-conserved cysteine residues.
Although CRISPs are widely found in snake venoms, it remains unclear which roles they play in envenoming and whether they exert other biological effects; they seem to interfere in the smoothmuscle contraction by inhibiting ion channels (Yamazaki et al., 2002 (Yamazaki et al., , 2003 . The inhibitory action of CRISPs on ion channels may differ due to the presence or absence of Phe208 (or Phe189 in the mature protein). Triflin and Ablomin bear Phe208 and strongly block smooth muscle contraction (Yamazaki et al., 2003) . Moojin also bears Phe208, indicating that it may act similarly to Triflin and Ablomin, and that exists an evolutionary proximity among these three toxins because they share a common ancestor (Fig. 4B) . Moojin is the first CRISP described in B. moojeni venom.
Some toxins have been less studied in the literature due to several reasons, including long, laborious, expensive, and low-yield purification procedures, low expression in the venom, and unstable enzymatic activity, which make it difficult to obtain sufficient sample amounts to perform further analyses, structure elucidation, and functional characterization. These venom components can be named as minor venom proteins and their characterization can provide important information on evolutionary processes that generated snake venom repertories (Boldrini-França et al., 2017) . Hyaluronidase is a classic example of minor venom protein (Boldrini-França et al., 2017; Bordon et al., 2015) .
In this study, the transcriptomics approach aided identification of new classes of less-studied venom toxins in the B. moojeni venom gland, such as hyaluronidases. We identified eight contigs relative to hyaluronidases, among which two presented full-length amino acid sequences that shared only 42.9% identity; they are probably isoforms, named as BmooHyal-1 and BmooHyal-2 (GenBank accession numbers MG132023 and MG132024). Some research groups have described isoforms of this enzyme in venom from other snake species and venomous animals (Castanheira et al., 2014; Harrison et al., 2007; Horta et al., 2014) . Hyaluronidases are enzymes that preferentially cleave hyaluronan in the extracellular matrix of soft connective tissues; they are known as "spreading factors" because they promote diffusion of toxins through tissues and blood circulation of the victim/prey (Bordon et al., 2015) .
To date, there are no literature reports on the full-length sequence of hyaluronidases from the genus Bothrops; only a truncated sequence of BpHyase from B. pauloensis with 194 amino acid residues was deposited in NCBI (ACN58137.1) (Castanheira et al., 2014) . BmooHyal-1 has 449 amino acid residues and shared 91e94% identity with HYAL_ECHOC from Echis ocellatus (Harrison et al., 2007) , HYAL1_CERCE from Cerastes cerastes (Harrison et al., 2007) , and HYAL_CROAD from Crotalus adamanteus (Rokyta et al., 
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2012) (Fig. 5A) , and 88.54% identity with the truncated sequence of BpHyase from B. pauloensis (Castanheira et al., 2014 ) (data not shown). BmooHyal-2 has 501 amino acid residues and shared 90e97% identity with hyaluronidase-4-like from Protobothrops mucrosquamatus ) and hyaluronidase-4-like isoforms X2 from Thamnophis sirtalis (McGlothlin et al., 2014) and Python bivittatus (Castoe et al., 2013) (Fig. 5B ). All the amino acid sequences of hyaluronidases from the aforementioned snake species were predicted by automated computational analysis and derived from genomic and transcriptomic sequences. The phylogenetic analyses demonstrated that the genes corresponding to BmooHyals sequences were orthologous, where BmooHyal-2 was closer to hyaluronidases from the families Colubridae and Pythonidae while BmooHyal-1 was closer to enzymes from Viperidae family (Fig. 5C ). The hyaluronidase activity detected in the Bothrops snake venom varies among the snake species and with age (Antunes et al., 2010; Tan and Ponnudurai, 1991) , and it is weaker than the hyaluronidase activity found in the venom of other animals (Lira et al., 2007; Tan and Ponnudurai, 1992) . In our study, we detected hyaluronidase activity in the B. moojeni venom (specific activity of 1678.13 TRU/mg) confirming that these enzymes are present and active in this snake species. Thus, we reported for the first time the full-length sequence of two isoforms of hyaluronidase in the Bothrops snake venom. Surprisingly, only one of the 1574 contigs related to toxins in the transcriptome of B. moojeni venom gland was related to 3-FTxs, which we named Bmoo-3Ftx (GenBank accession numbers MG132036). 3-FTxs represent a non-enzymatic family of snake venom proteins usually present in the Elapidae family (Das et al., 2016; Kini, 2011) . This venom component class was also reported in the proteome of few snakes from the Viperidae family (Angulo et al., 2008; Das et al., 2016; Nicolau et al., 2016) . 3-FTxs from elapid snake venom exert different pharmacological effects that are mainly mediated by their ability to bind and block nicotinic acetylcholine receptors, resulting in postsynaptic neurotoxicity (Nirthanan and Gwee, 2004) .
Bmoo-3FTx shared 73e85% identity with peptides from Lachesis muta (Junqueira- , Echis coloratus (Hargreaves et al., 2014) , Pantherophis guttatus (Hargreaves et al., 2014) , and Python regius (Hargreaves et al., 2014) (Fig. 6A) . In general, 3-FTxs are composed of 60e74 residues with eight or ten cysteine residues. Denomination of this venom component relies on its three-dimensional structure, which resembles three stretched fingers of human hand: the three b-stranded loops project from the hydrophobic core, which is connected by four or five disulfide bridges (Kini, 2011) . The Bmoo-3FTx structure seemed to conserve this three-dimensional pattern (Fig. 6B) ; its mature form was composed of 71 amino acid residues, with molecular weight around 8 kDa, ten highly conserved cysteine residues, and one predicted N-glycosylation site. A research group has already reported glycosylated forms of 3-FTxs, and suggested that glycosylation modulates their biological activity (Osipov et al., 2004) .
The presence of 3-FTxs in the Viperidae family was reported in the transcriptome of the venom gland from: Lachesis muta (Junqueira- and the Costa Rican snakes Bothrops asper, Bothriechis lateralis, Bothriechis schlegelii, Atropoides picadoi, Atropoides mexicanus, Crotalus simus, and Cerrophidion godmani (Durban et al., 2011) . Regarding the Brazilian species from genus Bothrops, the presence of toxins commonly found in the elapid snake venom, such as 3-FTxs and cobra venom factor, was reported in the B. jararaca venom proteome (Das et al., 2016; Nicolau et al., 2016) . However, the comparative transcriptome of different organs from B. jararaca has detected 3-FTxs only in the liver and pancreas; the authors attributed the mass spectrometry detection of these toxins in venom samples to cross-contamination (maybe with plasma) during venom extraction (Junqueira- deAzevedo et al., 2015) . Our findings shows an evidence that 3-FTxs are expressed in the venom gland from other snake genera belonging to Viperidae family, such Bothrops. Bmoo-3FTx was phylogenetically close to the toxin from L. muta (Fig. 6C) . In summary, we reported for the first time the full sequence of a 3-FTx in the B. moojeni venom gland.
Minor snake venom proteins
Although we had detailed toxins such as cysteine-rich venom protein, hyaluronidases and 3-finger toxins, we also described 29 new full-length sequences of venom components from the venom gland of Bothrops moojeni snake. Boldrini-França et al. (2017) described the importance of studying classes of proteins expressed in relatively low amounts in most snake venoms, such as growth factors, hyaluronidases, cysteine-rich secretory proteins, nucleases/nucleotidases, cobra venom factors, vespryns, protease inhibitors, cystatins, cathelicidin related peptides, aminopeptidases, phosphodiesterases, waprins, antimicrobial peptides, among others. The authors have classified these protein classes as "minor snake venom proteins". Moreover, they emphasise that the researchers should look into these classes in the venom aiming to unveil potential functions they may play in the envenoming or in the physiology of the venom gland. Interestingly, we have found some full-length sequences of venom components that may have a potential role in the venom (Table 3) , following the idea from the review of Boldrini-França et al. (2017) , such as phosphodiesterase, aminopeptidases, cathepsins and cathelicidins (Table 2) .
Phosphodiesterase is an exonuclease that catalyses the hydrolysis of phosphodiester bonds, releasing 5 0 -mononucleotides. This venom component is known to lead to hypotension, locomotor depression and inhibition of platelet aggregation (Russell et al., 1963; Santoro et al., 2009 ). This class have been found in snake venoms from Elapidae family and crotaline and viperine snakes from Viperidae family (Aird, 2002; Boldrini-França et al., 2017) .
Aminopeptidases are exo-metalloproteases and constitute a family of enzymes relevant for cell adhesion and modulation of the activity of inflammatory mediators released from leukocytes (Vaiyapuri et al., 2010) . Vaiyapuri et al. (2010) described the activity of a novel aminopeptidase A from the venom of Bitis gabonica rhinoceros, which was shown to alter the blood pressure and brain function of victims. This class have been described in several snake venoms, such as of Bothrops jararaca (Dias et al., 2013) , Gloydius blomhoffii brevicaudus (Gao et al., 2013) , Ovophis okinavensis and Protobothrops flavoviri (Aird et al., 2013) . Among the peptides identified herein, the methionine aminopeptidase has been related to cell growth (Garrabrant et al., 2004) . Aminopeptidase NPEPL1 may present protease activity, it has been identified in the Protobothrops mucrosquamatus snake (Villalta et al., 2012) , Tityus serrulatus scorpion (Fuzita et al., 2015a) , Nephilingis cruentata spider (Fuzita et al., 2016) . Similar to this last one, aminopeptidase O has proteolytic activity and may be involved in the leukotriene biosynthetic pathway. It has been described in the Protobothrops mucrosquamatus snake transcriptome (Villalta et al., 2012) and Nemopilema nomurai jellyfish proteome (Choudhary et al., 2015) . Aspartyl aminopeptidase are involved in the angiotensins metabolism and it has been identified in the Protobothrops mucrosquamatus snake venom gland transcriptome (Banegas et al., 2005; Villalta et al., 2012) .
Cathepsins are associated to protein degradation in lysosomes, however some groups venomous animals, such as some spider species, seems to use these enzymes for digestion of the meal proteins (Fuzita et al., 2015b) . Cathepsins L and cathepsin O are cysteine proteases, while cathepsin D is aspartic proteases (Turk , 2000) . In general, cathepsins are associated with several activities, such as procoagulant effects (Lee, 2012) , degrading extracellular matrix (Fonovi c and Turk, 2014) and digestive processes (Fuzita et al., 2015b) . It has been reported in Mesobuthus eupeus scorpion (Zhu and Gao, 2007) and Protobothrops mucrosquamatus snake (Villalta et al., 2012) . In the transcriptome of Tityus bahiensis scorpion venom gland, there were reports of three isotigs showing similarities to cysteines proteinases such as cathepsin-like proteinase. These proteases may be associated with gelatinolytic activity described for some animal's venoms (Almeida et al., 2002; de Oliveira et al., 2015) .
Concerning the cathelicidins, these are cationic peptides with highly heterogeneous structures (Gennaro and Zanetti, 2000; Zanetti, 2004) . These peptides are composed of 12e80 amino acid residues mainly folded in a-helical structures, and were shown to possess antimicrobial activity (Zanetti, 2004) . The first reported cathelicidin peptide (cathelicidin-BF) was identified in reptiles (Bungarus fasciatus snake). This peptide was shown to have in vitro antimicrobial activity, including strong antibacterial activities against Propionibacterium acnes and Staphylococcus epidermidis, which are possible pathogen for acne vulgaris (Wang et al., 2008 (Wang et al., , 2011 . Therefore, it is valuable to highlight the importance of search for novel toxin scaffolds, classes and isoforms in order to expand our The MultAlin, ESPript, and Clustal Omega softwares were used to perform the alignment, generate the figures, and calculate the percentage of identity, respectively. Black letters: residues conserved in at least two sequences. Black highlight: residues highly conserved in all the sequences. (C) Phylogenetic relationships among snake venom hyaluronidases based on the amino acid sequence alignment. Evolutionary analyses were performed using the MEGA v.7.0 software. BmooHyal-1 and BmooHyal-2 are marked by a red asterisk. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) knowledge on these natural libraries of pharmacologically active molecules (Boldrini-França et al., 2017) . The construction of cDNA library from a venom gland by NGS technologies was responsible for the advances in toxinology which aided identification of very low-abundant sequence transcripts, discovery of novel toxins and toxin families, and interspecific comparisons (Brahma et al., 2015; Ducancel et al., 2014) . Additionally, transcriptomic data enable (i) the study of the evolutionary history of snake toxins, (ii) the analysis of how conserved a repertoire of toxins is among and within the families, and (iii) the analysis of how dynamic is the process of venom evolution through molecular mechanisms. Such analyses help understand why certain toxins are present or absent in the venom of some snake species (Brahma et al., 2015; Junqueira-deAzevedo et al., 2006) . The presence of a 3-FTx in the transcriptome of B. moojeni venom gland is an example of how evolutionary processes can influence the toxin arsenal.
The full-length sequences of toxins provided by the transcripts assembly can be used as templates for the production of their synthetic forms, such as recombinant toxin production through heterologous expression systems employing the recombinant DNA technology. For small molecules like peptides, it is also possible to prepare synthetic toxins or their derivatives using automated solidphase peptide synthesis methodologies. The synthesis of toxins may help characterize their structure, function, and properties, as well as discover novel therapeutic and/or biotechnological applications, such as the preparation of immunological assay kits. Furthermore, the association between species-specific recombinant toxins and transcriptomic analyses could aid the design and improvement of more specific and efficacious antivenoms (Brahma et al., 2015; Laustsen, 2017) .
Conclusion
Herein we described the first transcriptomic analysis of the B. moojeni venom gland and provided a comprehensive exploration of the transcripts expressed in the gland. Snake venom is a complex mixture in which the transcriptomic analysis identified 20 different venom components classes and more than 1500 contigs related to toxins. Some contigs codified full-length amino acid sequences of new toxins that have never been described in B. moojeni, such as CRISPs, hyaluronidases, and 3-FTxs e it highlights the importance of transcriptomics studies and in-depth analyses of the venom gland composition. Altogether, our findings may help discover new venom components and it is worth to note that the identified transcripts represent a starting point for the study of structurefunction relationships of individual toxins. The heterologous expression of toxins from this transcriptome shall help elucidate some structure-function relationships and find new therapeutic and/or biotechnological applications for snake venom toxins. 
Ethics statement
The authors declare no competing financial interest.
